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摘要 
海洋溶解有机碳（Dissolved Organic Carbon，DOC）和细菌在海洋碳循环中
扮演着关键角色。其中 DOC 是地球最大的碳库之一，全球存量约为 662 Pg C，
与大气中 CO2 含量相当，对全球碳循环和气候有着至关重要的影响。细菌则是
海洋中含量最多、分布最广的生物，是海洋中 DOC 的主要消费者。细菌对海洋
DOC 的主导作用表现在：将吸收的 DOC 中的一部分用于呼吸供能，将其矿化为
CO2重新释放到大气中，另一部分转化为自身生物量储存起来。海洋微型生物碳
泵（Microbial Carbon Pump，MCP）是近年科学家提出的一个新概念。不同于传
统生物泵，MCP 是以细菌和 DOC 作为切入点，从微观上探讨海洋的固碳和储碳
机制。MCP 中，细菌在吸收利用 DOC 的同时释放出惰性 DOC 存留于海水中，
在固碳的同时实现碳的储存。 
为探究中国南海（South China Sea，SCS）MCP 中的相关过程参数、细菌对
DOC 的利用情况及 DOC 碳库组成及，本研究在 2014年 5-7月及 2014 年 8-9月
的两个南海航次中展开了一系列实验，实验区域涵盖珠江口区域、南海陆架区、
南海海盆区及吕宋海峡。一方面，使用 3H亮氨酸-离心法检测南海 200 m 以上不
同水层的 BP；另一方面，用 0.75 μm GF/F膜对原位海水进行过滤、培养，在 14
到 31天内进行 DOC、细菌丰度（Bacterial Abundance，BA）、细菌生产力（Bacterial 
Production，BP）的采集。 
结果表明，南海表层 BP 分布范围在 0.06-0.55 μg/(L·h)之间，陆架区>海盆区；
200 m 以上水层 BP 分布范围在 0.03-0.55 μg/(L·h)之间，BP 有随深度的增加而减
小的趋势。200 m以内水柱平均细菌生产力（Depth-averaged Bacterial Production，
IBP）分布范围在 0.04-0.31 μg/(L·h)，陆架区>海盆区。南海表层 DOC 浓度的分
布范围为 69.83-88.52 μM，珠江口>陆架区>海盆区>吕宋海峡，活性 DOC（Labile 
DOC，LDOC）在总 DOC 库中的贡献在 4-9%之间，珠江口>陆架区=海盆区>吕
宋海峡；半活性 DOC（Semi-labile DOC，SLDOC）在总库中的贡献在 2-14%之
间，珠江口>陆架区>海盆区；南海 DOC 的消耗速度在 0.05-0.39 μM/day之间，
珠江口大于外海。南海表层细菌丰度分布范围为 2.44×105-1.40×106 cells/mL，细
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
VIII 
 
菌生长效率（Bacterial Growth Efficiency，BGE）在 0.04-0.65之间，两者的分布
均呈现珠江口>海盆区的趋势。 
南海表层 BP 在近岸与外海之间的分布差异主要受 DOC 控制；BP 在表层与
200 m 层处的差异则主要受温度影响。总体上，BP 的分布受多种环境因素综合
控制，包括温度、盐度、营养盐和叶绿素 a 等。当环境条件发生改变时，BP 也
随之发生变化。在某一时空内，起主导作用的环境因子有所不同。 
陆地径流是造成南海表层 DOC 浓度分布呈近岸大于外海趋势的主要原因。
陆地径流携带着大量的陆源有机物注入珠江口，使得近岸水体中含有大量的
LDOC，而开阔外海中则缺少这部分 DOC 来源，造成近岸水体和海盆区碳库组
成上的差异。珠江口处含有大量的 LDOC、SLDOC 及其他营养物质，使得此处
细菌生长旺盛，细菌丰度、BP 和 BGE 均高于海盆区。BGE 越高的海域，表明
此处细菌固碳能力越强。在珠江口，被细菌吸收的 DOC 主要用于 BP 的产出，
细菌将吸收的大部分 DOC 转化为生物量储存下来，因此 BGE 高；而在开阔外
海，被细菌吸收的 DOC 绝大部分用于呼吸作用，被储存下来的碳十分有限，因
此 BGE低。 
此外，在对海区 LDOC 及短时间尺度内的 SLDOC 进行定量时，我们建议使
用小体积平行培养方法。在计算碳收支的时候，总是使用 0.5 的 BGE 理论值是
不适合的，建议使用现场经验值。 
关键词：南海；溶解有机碳；细菌；细菌生长效率；细菌生产力
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Abstract 
Marine dissolved organic carbon and bacteria play key roles in the ocean carbon 
cycle. DOC is one of the largest carbon pool on the earth, about 662 Pg C in global, 
which is comparable to the amount of CO2 in the atmosphere. DOC has a critical 
influence on the global carbon cycle and climate. Bacteria are the most abundant and 
the most widely distributed organisms in the ocean. And DOC in the ocean is mainly 
consumed by bacteria. The dominant effect of bacteria on DOC is that they use a 
portion of the DOC absorbed to breathe for energy, releasing CO2 back to the 
atmosphere, and convert the other part into biomass. Marine microbial carbon pump 
(MCP) is a new concept proposed by scientists in recent years. Unlike traditional 
biological pump, MCP takes bacteria and DOC as the key points to explore the 
mechanism of carbon sequestration and storage in the ocean from the microscopic 
point of view. In MCP,  bacteria release refractory DOC (RDOC) when they 
consume labile DOC (LDOC), and carbon is preserved in this process. 
In order to explore the related process parameters in MCP, consumption of DOC 
by bacteria and the composition of DOC pool in the South China Sea (SCS), a series 
of experiments were carried out in two cruises in SCS in 2014,one was from May to 
July, the other was from August to September. Experimental area covered the Pearl 
River Estuary region (PRE), continental shelf area, the SCS basin area and the Luzon 
Strait. On the one hand, we used 
3
H-leucine-centrifugal method to detect bacterial 
production (BP) in the water layers above 200 m; on the other hand, we filtered 
seawater in situ with 0.75 μm GF/F membrane, and water sample was cultured within 
14 days to 31 days. DOC, BP and bacterial abundance (BA) were collected during the 
culture. 
Results showed that the range of BP in the surface layer of SCS was from 0.06 
g/(L.h) to 0.55 g/(L.h), continental shelf area > basin area. The range of BP above 200 
m layer was 0.03-0.55 g/(L.h), reducing with depth. The range of depth-averaged 
bacterial production (IBP) was 0.04-0.31 g/(L.h) in the 200 m water column, shelf 
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area > basin area. The range of DOC concentration was 69.83-88.52 μM in the surface 
layer in the SCS, PRE > shelf area > basin area >Luzon Strait. LDOC contributed 4-9% 
to the DOC pool, PRE > shelf area = basin area >Luzon Strait. Semi-labile DOC 
(SLDOC) contributed 2-14% to the DOC pool, PRE > shelf area > basin area. The 
consumption rate of DOC was in the range of 0.05-0.39 μM/day in the SCS, PRE > 
offshore area.BA was in the range of 2.44×10
5
-1.40×10
6
 cells/mL in the surface layer. 
Bacterial growth efficiency (BGE) was in the range of 0.04-0.65, PRE > basin area. 
The difference of surface BP distribution range between near shore area and 
offshore area was mainly controlled by the DOC concentration. The difference of BP 
distribution range between the surface layer and the 200 m layer was mainly 
attributed to the temperature. Overall, the distribution of BP was controlled by 
multiple environmental factors, including temperature, salinity, nutrients and 
chlorophyll a, and so on. When environmental conditions changed, BP would change. 
In a certain time and space, BP was dominated by a certain environmental factor. 
The variety of DOC concentration between the coastal area and the offshore area 
in the SCS was mainly caused by the land runoff. With the land runoff carrying a 
large amount of terrestrial organic matter into the Pearl River Estuary, the coastal 
waters contained considerable LDOC, while the basin waters was lack of this part of 
DOC source. This caused the difference of composition of DOC pool between the  
coastal waters and the basin waters. With abundant LDOC, SLDOC and nutrients at 
the PRE, bacteria thrived here, making bacterial abundance, BP and BGE higher than 
those in the basin area. A higher BGE represented a higher carbon sequestration 
capacity of bacteria. In the Pearl River Estuary, DOC absorbed by bacteria was 
mainly used for BP, being transformed into biomass and stored quickly, resulting in 
high BGE. In the open sea, DOC absorbed by bacteria was most used for respiration, 
and carbon stored was very limited, resulting in low BGE.  
In addition, we propose to use a small volume parallel culture method when 
quantify the amount of LDOC and SLDOC in short time scale. And the use of 0.5 
BGE in theory is not suitable in the calculation of the specific carbon budget , we 
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propose to use the field value. 
Key words：South China Sea; Dissolved organic carbon; Bacteria; Bacterial 
production; Bacterial growth efficiency 
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1 
第 1章 绪论 
1.1 海洋溶解有机碳 
1.1.1海洋溶解有机碳的定义 
海洋中的有机物在粒径上是以连续状态存在的，大部分以小粒径的形式存在
于海洋中（Benner，2002）。溶解有机碳（Dissolved Organic Carbon，DOC）指
的是能够通过一定孔径滤膜的有机底物，这些滤膜的孔径在 0.2-0.1 μm 之间，材
质也不尽相同，包括玻璃纤维滤膜（Glass Fiber Filters，GF/F）、银质滤膜、碳酸
聚酯纤维膜（Polycarbonate，PC）等，应用较广泛的是 0.7 μm 孔径的 GF/F 膜
（Carlson，2002；Hedges，2002；Ogawa，2003）。通常只有小粒径的浮游生物
才能通过滤膜，其中包括 22-38%的细菌和 100%的病毒（Lee et al.，1995；Hiroshi 
Ogawa，2003）。在具体操作中，研究者基于不同的研究目的，所使用的膜的孔
径和类型也不尽相同。用 1 nm（1000道尔顿）孔径左右的滤膜对海水进行过滤，
可将海水中的 DOC 分为高分子（High Molecular Weight，HMW）DOC 和低分
子（Light Molecular Weight，LMW）DOC，留在滤膜上的为 HMW-DOC，通过
滤膜的则为 LMW-DOC。表层海水中 60-70% 的 DOC 为 LMW-DOC，深海中
LMW-DOC 的比例则为 75-80%，由此可见，大部分 DOC 是以 LMW-DOC 的形
式存在于海洋中的（Benner，2002）。 
1.1.2海洋溶解有机碳的生成和去向 
1.1.2.1 海洋溶解有机碳的生成 
海洋中的 DOC 主要在真光层产生，主要来源有：浮游植物释放的胞外产物、
浮游动物摄食过程中产生的碎片和排泄物、细胞的裂解产物、颗粒物的溶解以及
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